Two functional states of sarcoplasmic reticulum ATPase.
The "total" ATPase activity of rabbit sarcoplasmic reticulum (SR) vesicles includes a Ca2+-independent component ("basic") and Ca2+-dependent component ("extra"). Only the "extra" ATPase is coupled to Ca2+ transport. These activities can be measured under conditions in which the observed rates approximate maximal velocities. The "basic" ATPase is predominant in one of the various SR fractions obtained by prolonged density-gradient centrifugation of SR preparations already purified by repeated differential centrifugations and extractions at high ionic strength. This fraction (low dnesity, high cholesterol) has a protein composition nearly identical with that of other SR fractions in which the "extra" ATPase is predominant. In these other fractions the ratio of "extra" to "basic" ATPase activities is temperature dependent, being approximately 9.0 at 40 degrees C and 0.5 at 4 degrees C. In all the fractions and at all temperatures studied, similar steady-state levels of phosphorylated SR protein are obtained in the presence of ATP and Ca2+. Furthermore, in all cases the "basic" (Ca2+-independent) ATPase acquires total Ca2+ dependence upon addition of the nonionic detergent Triton X-100. This detergent also transforms the complex substrate dependence of the SRATPase into a simple dependence, displaying a single value for the apparent Km. The experimental findings indicate that the ATPase of rabbit SR exists in two distinct functional states (E1 and E2), only one of which (E2) is coupled to Ca2+ transport. The E1 in equilibrium E2 equilibrium is temperature-dependent and entropy-driven, indicative of its relation to the physical state of the ATPase protein in its membrane environment. Thenonlinearity of Arrhenius plots of Ca2+-dependent ("extra") ATPase activity and Ca2+ transport is explained in terms of simultaneous contribtuions from both the free energy of activation of enzyme catalysis and the free energy of conversion of E1 to E2. Thermal equilibrium between the two functional states is drastically altered by factors which affect membrane structure and local viscosity.